Active Galactic Nuclei are objects associated with the presence of an accretion disc around supermassive black holes found in the very central region of galaxies with a well-defined bulge. In the optical range of the spectrum, a possible signature of the accretion disc is the presence of a broad double-peaked component that is mostly seen in Hα. In this paper, we report the detection of a double-peaked feature in the Hα line in the nucleus of the galaxy NGC 4958. The narrow line region of this object has an emission that is typical of a LINER galaxy, which is the usual classification for doublepeaked emitters. A central broad component, related to the broad line region (BLR) of this object, is seen in Hα and also in Hβ. We concluded that the double-peaked emission is emitted by a circular relativistic Keplerian disc with an inner radius ξ i = 570± 83, an outer radius ξ o = 860±170 (both in units of GM SMBH /c 2 ), an inclination to the line of sight i = 27.2
INTRODUCTION
It has been established that all galaxies with a well-defined bulge contain a supermassive black hole (SMBH) in their centres (Kormendy & Ho 2013) . When matter falls onto the SMBH in the form of an accretion disc, the nucleus of the galaxy becomes very bright and its spectrum reveals the presence of permitted and forbidden lines. This is the socalled Active Galactic Nucleus (AGN). Quasars are among the most luminous types of AGNs in the Universe, while Seyferts and LINERs belong to the low luminosity branch of the AGN population (Ho 2008) .
The optical spectra of AGNs are usually separated into two types: those with broad permitted and narrow forbidden emission lines (type 1) and those containing only narrow lines (type 2). Moreover, some galaxies also show double-peaked profiles, mostly seen in Hα, which have been related to the emission of the accretion disc around the SMBHs. One of the first galaxies where this feature was detected is Arp 102B ). Since then, other objects have revealed this compo-⋆ tiago.ricci@uffs.edu.br nent, like NGC 1097 (Storchi-Bergmann et al. 1993 ), NGC 7213 (Schnorr-Müller et al. 2014 , NGC 4450 and NGC 4203 ). An analysis of a sample of double-peaked emitters, selected among radioloud galaxies, has been made by Eracleous & Halpern (1994 , 2003 . They concluded that relativistic disc models are the best explanation for the double-peaked feature, ruling out other explanations as broad line regions (BLRs) around a binary black hole system, outflows or spherically symmetric BLR illuminated by an anisotropic ionizing source. They also claim that double-peaked emitters are mostly classified as LINERs. Strateva et al. (2003) detected 116 doublepeaked emitters in a sample of 3212 AGN galaxies selected from the Sloan Digital Sky Survey (SDSS). They also proposed that all 116 sources contain relativistic disc emission and that the [O I]/[O III] ratios are usually larger in doublepeaked emitters when compared to their parent AGN sample; this is a typical characteristic of a LINER-like spectrum. Although most of the 116 sources are radio quiet (∼ 76 %), these authors noticed that it is 1.6 times more likely that the double-peaked emitters are radio sources.
The main goal of this paper is to report the detection of a double-peaked Hα component in the galaxy NGC 4958 using high spatial resolution observations made with the Integral Field Unit (IFU) of the Gemini Multi-Object Spectrograph (GMOS). NGC 4958 is an edge-on SB0 galaxy (see Fig. 1 ) with a magnitude mB = 11.6 (de Vaucouleurs et al. 1991) , located at a distance of 13.2 Mpc (Theureau et al. 2007 ). Bonatto et al. (1989) detected weak nuclear emission lines in this galaxy (mainly Hα, [N II] and [S II]). A compact radio source is seen in the centre of NGC 4958 (Condon et al. 1998) , with a power of 1.9×10 20 W/Hz at 1.4 GHz (Brown et al. 2011) . Both the radio and optical emission are in accordance with a non-thermal emission from a LINER-like AGN (Ho 2008) . The fact that NGC 4958 is a low luminosity nearby galaxy makes it an interesting case to study its double-peaked feature.
The paper is organized as it follows: Section 2 describes the observations and data reduction. Section 3 presents the spectral synthesis applied to the data cube of NGC 4958 in order to subtract the stellar component of the galaxy. In Section 4, we characterize the emission from the narrow line region (NLR), the BLR and also from the double-peaked Hα component. Section 5 is related to the final model of the double-peaked Hα profile. Section 6 presents a discussion about the results obtained for the nuclear region of NGC 4958. Section 7 shows our main conclusions.
OBSERVATIONS AND DATA REDUCTION
NGC 4958 was observed on 2015 May 12 with the Gemini South Telescope (programme GS-2015A-Q-35), using the GMOS-IFU instrument (Allington-Smith et al. 2002; Hook et al. 2004) in the one-slit mode. In this setup, 500 microlenses with a diameter of 0.2 arcsec each are placed at the focal plane of the telescope, covering a field of view (FOV) of 3.5 × 5.0 arcsec 2 . The sky is observed simultaneously using 250 microlenses located 1 arcmin away from the science FOV. The microlenses slice the image of the target and direct the light to a set of fibres that are arranged linearly at the nominal position of the spectrograph slit (pseudoslit). Finally, the spectrum of each spatial position of the FOV is recorded in a mosaic of three CCDs. Three 582 s exposures were taken for this object. The B600-G5323 grating was used, with a central wavelength at 5620 Å. This covered a spectral range of 4020 to 7200 Å. The spectral resolution is 1.8 Å(full width at half-maximum, FWHM), as estimated from the CuAr lamp and from the skylines. The seeing of the observations was estimated to be 0.45 arcsec using stars that are present in the acquisition image obtained with the GMOS imager in the r filter (SDSS system).
Each exposure was reduced with the standard Gemini iraf packages. Bias, flat-fields, wavelength calibration, dispersion correction and flux calibration procedures were applied to the science data. Cosmic rays were removed using the lacos algorithm (van Dokkum 2001). We then built three data cubes, one for each exposure, which were corrected for the differential atmospheric refraction effect using an algorithm developed by us and based on the equations by Filippenko (1982) and Bönsch & Potulski (1998) . After that, we averaged all three data cubes.
In addition to the basic reduction procedures, we applied complementary techniques in order to improve the quality of the data cube. First, we removed high-frequency noises from the spatial dimension using a Butterworth filter with a cut-off frequency of 0.30 FNY, where FNY is the Nyquist frequency, and a filter order n = 2. Then, low-frequency instrumental fingerprints were removed using the PCA Tomography (Steiner et al. 2009 ). At this stage, the telluric lines were removed and after that, the data cube was corrected for the Milky Way extinction using the curves by Cardelli et al. (1989) and assuming AV = 0.129 (Schlafly & Finkbeiner 2011) . Finally, we deconvolved the spatial dimension of the data cube using the Richardson Lucy technique (Richardson 1972; Lucy 1974 ) using a Moffat Point Spread Function (PSF) with a FWHM = 0.45 arcsec and an index β = 2.9. The resulting PSF, after 10 iterations with the Richardson Lucy procedure, has a FWHM = 0.41 arcsec (26 pc), as estimated from an image extracted from the red wing of Hα. An image extracted from the stellar continuum (∼ 5500 Å) of the final data cube of NGC 4958 is shown in Fig. 1 . A detailed description of these techniques applied to GMOS-IFU data is presented in Menezes et al. (2019 Menezes et al. ( , 2014 Menezes et al. ( , 2015 .
SPECTRAL SYNTHESIS
In order to analyse the nuclear gas emission of NGC 4958, we subtracted the stellar component from each spaxel of the data cube of this object by means of a spectral synthesis. This procedure was performed with the starlight software (Cid Fernandes et al. 2005) . The simple stellar populations (SSP) used here are described in Vazdekis et al. (2015) . Since NGC 4958 is an early-type galaxy, all SSPs in the basis are older than 30 Myr and have metallicities between 0.2 and 2.4 Z⊙, an α enh = 0.0 and 0.4, and an initial mass function of Chabrier (2003) . We also used the Cardelli et al. (1989) curve to take the internal extinction of this object into account. In Fig. 2 , we show the spectrum that corresponds to the spaxel located at the centre of the galaxy with the spectral synthesis result superposed on it, and also the residual spectrum containing only the nuclear gas emission. In Appendix A, we briefly discuss the characteristics of the SSPs that best fitted the spectra of the data cube of NGC 4958.
We extracted the nuclear spectrum from the data cube of NGC 4958 containing only emission lines by summing the four spectra located in the position of the stellar photometric centre of this object and correcting the flux by assuming a point-like source with a PSF = 0.41 arcsec. This procedure avoids possible contamination from circumnuclear emissions.
DISETANGLING EMISSION LINE COMPONENTS
The presence of a broad Hα component in the nucleus of NGC 4958 is clear even before the starlight subtraction (see [S II]λλ6714, 6731 doublet was removed with a simple linear interpolation between two convenient wavelengths. We finally added Gaussian random noise to the interpolation results.
We used the relativistic disc model proposed by and . This model assumes that an ionizing source is located at the centre of a circular disc and that the line emission takes place in a thin ionized layer at the surface of this disc. The calculations take into account some relativistic phenomena, as the gravitational redshift, the transversal redshift and light bending by a weak gravitational field. We assumed an emissivity law for Hα given by ǫ(ξ) ∝ ξ −q , where ξ ≡ R/Rgrav with R being the radius of the disc and Rgrav ≡ GMSMBH/c 2 is the gravitational radius, G is the gravitational constant, MSMBH is the mass of the supermassive black hole and c is the speed of light. We fixed q = 3, since this value is supported by photoionization calculations applied to accretion discs (Collin-Souffrin & Dumont 1989 , 1990 Dumont & Collin-Souffrin 1990b,a) . We fitted the relativistic disc model with the Levenberg-Marquardt algorithm, using as free parameters the inner and outer radii (ξi and ξo, respectively), the inclination i of the disc to the line of sight, the broadening parameter σ (to account for the velocity dispersion in a given region of the disc, probably related to turbulence), and a normalization factor to take the flux of the line into account. The resulting profile of the broad Hα line is shown in the top panel of Fig. 3 . It is clear that this profile reveals a double-peaked component typical of relativistic discs (see e.g. Eracleous & Halpern 1994 , 2003 Strateva et al. 2003; Storchi-Bergmann et al. 2017 ).
To characterize the emission from the NLR, we first subtracted the double-peaked Hα component fitted with the preliminary relativistic disc model. The resulting spectrum is seen in the middle panel of Fig. 3 . Note that, in addition to the narrow components, one can also see an apparent broad Hα component, which is possibly associated with a BLR. From now on, we will call this feature as the central broad component to avoid confusion with the double-peaked component. We then fitted the line profiles as a sum of Gaussian functions using the Levenberg-Marquardt algorithm. We started the fitting procedure with the [N II]+Hα emission, using two sets of Gaussian functions to adjust the narrow components (i.e. two Gaussian functions for each line) and one Gaussian function to take the central broad component into account. We assumed that each set of narrow Gaussian functions has only one radial velocity and FWHM for all lines, i.e. there are only two free kinematic parameters per set. In this case, Set 1 corresponds to the Gaussian functions with lower FWHM values while Set 2 is related to the Gaussian functions with higher FWHM results. The amplitudes of all narrow Gaussian functions were taken as free parameters, but fixing the [N II]λ6583/[N II]λ6548 ratio to the theoretical value of 3.06 (Osterbrock & Ferland 2006) . For the central broad component, the amplitude, radial velocity and FWHM of its corresponding Gaussian function were set as free parameters. The [S II] λλ6714, 6731 doublet was fitted using the same kinematics found for the [N II]+Hα lines, i.e., the free parameters here were just the amplitudes associated with each set of Gaussian functions for both [S II] lines. The fitted profiles are also shown in the middle panel of Fig. 3 .
The Hβ line profile was fitted using also two sets of narrow Gaussian functions plus a broad Gaussian function for the central broad component (no double-peaked feature is apparent in this line). The free parameters here were the amplitude of each Gaussian function since we assumed that Hβ has the same kinematics as Hα. The fitted profiles are shown in Fig. 4 . Table 1 . These results for the NLR of NGC 4958 suggest that this galaxy has a LINER-like AGN (Heckman 1980; Halpern & Steiner 1983; Ferland & Netzer 1983; Ho et al. 1997; Kewley et al. 2006 ).
In addition to line fluxes, we also show in Table 1 the colour excess E(B-V) calculated with the observed Hα/Hβ ratio, assuming an intrinsic value of 3.1 (Halpern & Steiner 1983; Ferland & Netzer 1983 ). The Hα luminosity L(Hα) was calculated using the derredened Hα flux. The bolometric luminosity L bol was calculated using the 
age in iraf. All values are also in agreement with a photoionized medium that is typical of a LINER-like nucleus. We also measured a few parameters to characterize the central broad component (cbc), as the observed Hα flux F(Hα) cbc , the (Hα/Hβ) cbc ratio, the redshift (∆λ/λ) cbc and the FWHM cbc . The results are shown in Table 2 .
After the characterization of the NLR and the BLR, we were able to subtract the emissions of these components from the nuclear spectrum. What is left here is the observed double-peaked component (dpc), shown in the bottom panel of Fig. 3 . In order to characterize this feature, we measured the fluxes of the red and the blue regions (F red (Hα) dpc and F blue (Hα) dpc , respectively) by doing a direct numerical integration bluewards and redwards, respectively, from the central λ = 6573 Å of this component. This central wavelength also corresponds to the measured redshift [(∆λ/λ) dpc ] of Table 2 . Parameters related to the central broad component (cbc) and to the double-peaked component (dpc). Both (∆λ/λ) measurements are shown with respect to the rest-frame reference (λ 0 = 6562.8 Å). All errors presented for the parameters below are purely statistical.
Parameter
Observed value
the double-peaked component. Then, we measured the positions of the peaks of the blue and red components (λ blue and λ red ). Finally, the FWHM of the double-peaked component was determined using as the maximum emission the average of the flux densities measured for both the red and the blue peaks. The results are shown in Table 2 .
MODELLING THE DOUBLE-PEAKED PROFILE
Once we isolated the emission of the double-peaked component in the nuclear spectrum, we are now in the position to model this feature across the whole 6380 -6750 Å range using again the circular relativistic disc model proposed by and . Although more realistic (and also more complex) models are available in the literature [e.g. the elliptical disc model (Eracleous et al. 1995 ) and the spiral arm model ( Table 3 . Circular relativistic disc model parameters. We assumed an emissivity law for Hα in the form ǫ(ξ) ∝ ǫ −q with a fixed q = 3.0, based on photoionization model calculations (Collin-Souffrin & Dumont 1989 , 1990 Dumont & Collin-Souffrin 1990b,a) . All errors presented for the parameters below are purely statistical.
Parameter Fitted value
Inner radius ξ i (Rgrav ) 570±83 Outer radius ξo (Rgrav ) 860±170 Inclination i (degrees) 27.2 ±0.7 Local broadening σ (km s −1 ) 1310±70 not see a reason to apply them in NGC 4958 since we do not have high-quality spectral data along several years to search for variability in the double-peaked component and also because the blue peak is more intense than the red peak, which is expected in relativistic discs due to Doppler boosting effects. We used the Levenberg-Marquardt algorithm with ξi, ξo, i and σ set as free parameters. We used the same powerlaw relation for the emissivity of the Hα line, assuming q = 3. The resulting values obtained for these parameters are shown in Table 3 . The disc profile is shown in the bottom panel of Fig. 3 . Although setting the parameter q = 3 is in accordance with photoionization models, we are assuming that Hα comes from a region of the accretion disc where this line emission is not saturated (see Collin-Souffrin & Dumont 1989; Dumont & Collin-Souffrin 1990a) . If this is not the case for NGC 4958, the value for q may be slightly different from 3 (indeed, Strateva et al. 2003 found that for a sample of 116 double-peaked galaxies, the average q < 3). So we decided to fit again the double-peaked component with the circular relativistic disc model but leaving q also as a free parameter. However, the resulting q is very uncertain (3±7) and it does not change by much the results found for the other parameters. Moreover, a visual inspection of the bottom panel of Fig. 3 shows that the disc profile with a fixed value for q is adequate. Thus, we decided to maintain the results found for the model parameters when fixing q = 3.
In Fig. 4 , we show the whole emission in the red portion of the starlight subtracted nuclear spectrum of NGC 4958 together with the fully fitted profile, which is given by the sum of the emissions from the NLR, the BLR and the relativistic disc. We can see that this full fitted profile is in accordance with the observed line emissions. Moreover, the fitted Hβ profile (narrow component plus a central broad component) is adequate for the observed emission, which suggests that no disc emission is seen in this line.
DISCUSSION
This is the first time that a double-peaked Hα component is reported for NGC 4958. However, it is not possible to propose that this feature appeared around the year of 2015 (time of our observations) or if it is seen due to the fact that the GMOS-IFU data have a high spatial resolution and less contamination from starlight. For instance, Bonatto et al. (1989) proposed that NGC 4958 had an extremely low-level emission in the galactic nucleus at that time, using observations taken at the ESO 1.52 telescope in La Silla with a slit size of 5 × 13 arcsec 2 . Also, the 6dFGS data (Jones et al. 2009 ), which was obtained with a fibre aperture of 6.7 arcsec, shows no sign of a broad feature in Hα. To test if the spatial resolution is important in the case of NGC 4958, we summed all spectra from the GMOS-IFU data cube (FOV = 3.5×5.0 arcsec 2 ) in order to check if we still are able to see the double-peaked component. In fact, this feature disappeared when all the spectra contained in the FOV of the data cube were added together. A similar procedure was performed in NGC 4450 and NGC 4202 : ground-based spectra for both objects did not reveal any sign of a double-peaked component, but this feature was clearly revealed in these galaxies when the authors used HST data. Strateva et al. (2003) also claimed that they would have detected more than 116 double-peaked emitters in their sample if better spatial resolutions were available. Thus, higher spatial resolution data is necessary in order to study a possible variation that this component of NGC 4958 may have.
It is also useful to check how the double-peaked characteristics of NGC 4958 compare to results of other samples. The FWHM is similar to the averaged values taken from the sample of double-peaked emitters of Eracleous & Halpern (2003) and is also in accordance with the results presented by Strateva et al. (2003) . The same issue applies to the results found for the redshifts of this feature. The peak positions also seem to be in consonance with the results shown in Strateva et al. (2003) . Both papers propose that a fraction of the double-peaked sample may be fitted by a relativistic circular disc model, which seems to be the case here for NGC 4958.
When it comes to the disc parameters obtained with the model, the inclination, the broadening parameter and the inner radius found for NGC 4958 are in accordance with the results presented by Strateva et al. (2003) and Eracleous & Halpern (2003) . In fact, the inclination is an important parameter to detect the double-peaked profiles. With low disc inclinations, both red and blue peaks are strongly blended (Eracleous & Halpern 2003; Storchi-Bergmann et al. 2017) , while in high inclinations the disc emission may be hidden behind the molecular torus in the context of the unified model (Eracleous & Halpern 2003) . However, the value found for the outer radius of the disc of this object seems to be small when compared to the Strateva et al. (2003) sample, although it is similar to the outer radii results for Arp 102B, Pictor A and 3C 17 (Eracleous & Halpern 2003) .
According to the line ratios from the NLR of NGC 4958, this galaxy contains a LINER-like nucleus. This seems to be the case in the majority of the double-peaked emitters (Eracleous & Halpern 2003) . Strateva et al. (2003) claim that line ratios and equivalent widths containing low ionization lines are higher in double-peaked emitters when compared to their parent AGN sample. Moreover, LINERs seem to have a hot ion torus that provides the "missing" photons that are needed to explain the disc line emission Eracleous & Halpern 2003; Ho 2008 ). Spectral energy distribution (SED) models show that this is the case for NGC 1097 (Nemmen et al. 2006) .
In addition to the double-peaked feature, some galaxies also need a central broad component in order to fit the pro-file of the Hα line (Strateva et al. 2003; Shields et al. 2000; Storchi-Bergmann et al. 2017; Schimoia et al. 2017) . This is clearly the case of NGC 4958. Moreover, this component is also necessary to fit the Hβ emission of this galaxy. The observed Hα/Hβ ratio for this component is 11±2. If we assume that the BLR has the same extinction as the NLR, the value of this ratio would be reduced to 7. Both values are in accordance with what was predicted by Korista & Goad (2004) for sources with low ionization parameter, which seems to be the case for NGC 4958.
CONCLUSIONS
In this paper, we report the detection of a double-peaked profile in the nuclear Hα of the galaxy NGC 4958. This is the first time that such a feature is detected in this object. Although emission lines have been mentioned before for this galaxy (Bonatto et al. 1989; Jones et al. 2009 ), the use of a high-spatial resolution data with an indubitable quality was probably very important in order to unveil such a component. Below we enunciate our main findings:
• We found that the nucleus of NGC 4958 has a type 1 LINER-like spectrum.
• We detected a double-peaked broad Hα emission in the nuclear spectrum.
• We propose that the double-peaked broad Hα line is the emission from a circular relativistic Keplerian disc with an inner radius ξi = 570±83, an outer radius ξo = 860±170 (both in units of GMSMBH/c 2 ), an inclination to the line of sight i = 27.2
• ±0.7
• and a local broadening parameter σ = 1310±70 km s −1 .
• In addition to the double-peaked broad Hα emission, another broad component is necessary to fit the Hα profile. This feature is also seen in the Hβ line. We interpret this as a typical BLR emission, which is located beyond the relativistic disc, given that the FWHM of this component is narrower than the FWHM measured for the double-peaked component. The Hα/Hβ ratio is also in accordance with photoionization calculations for BLR. 
APPENDIX A: SPECTRAL SYNTHESIS RESULTS
We show in Figs. A1 and A2 the results related to the SSPs that best fitted the stellar spectra of the data cube of NGC 4958. The focuses here are the nuclear (top panels) and the circumnuclear (bottom panels) regions. We added all the light contributions of each SSP across the spaxels that are representative of both positions. The relative light fluxes are presented in the figure as a function of the ages and metallicities of the SSPs. Most of the starlight comes from stellar populations with old ages (> 10 Gyr) and high metallicity (Z ∼ 2.4 Z⊙) in both regions. This is expected for a lenticular galaxy. In addition, for the nuclear region, 25 % of the starlight is related to SSPs with a low metallicity (Z < 1 Z⊙). 
